The charge and longitudinal spin responses induced in a spin polarized quantum well by a weak electromagnetic field are investigated within the framework of the linear response theory. We evaluate the excitation frequencies for the intra-and inter-subband transitions of the collective charge and longitudinal spin density oscillations including many-body corrections beyond the random phase approximation through the spin dependent local field factors, G : ( q , w). An equation-of-motion method was used to obtain. these corrections in the limit of long wavelengths, and the results are given in terms of the equilibrium pair correlation function. The finite degree of spin polarization is shown to introduce coupling between the charge and spin density modes, in contrast with the result €or an unpolarized system.
The equilibrium state of a quasi two dimensional electron system -N particles confined in a quantum well of width L and transverse area A -in the presence of a constant magnetic induction parallel to the 2D layer, corresponds to an imbalance in the spin populations, N t and NJ. respectively, characterized by the degree of polarization, < = ( N f -N J ) / N . We study the linear response of a spin polarized quantum well (SPQW) to a weak electromagnetic perturbation with arbitrary space and time dependence. Previous investigations of the response functions in these systems were either limited to the case of infinitesimal polarization [l] or they used the random phase or local spin-density approximations. [a] In this work, the spin dependent exchange and correlation effects are included in the local field factors, G,f, extending the approach of Kukkonen and Overhauser [3] to a spin polarized system. The SPQW can be described in terms of two spin subband ladders (indexed by n), eigenstates of the unperturbed Hamiltonian, with eigenvalues cno( k), and eigenfunctions, Inak >, 2D plane wave spinors modulated along the width of a symmetric quantum well by an envelope function, trio( z ) . A weak electromagnetic perturbation -an electric potential, +(r, t ) , and a magnetic field of arbitrary orientation in the plane of the gas, b(r, t ) -induces charge density and longitudinal and transverse spin density fluctuations. We focus our attention on the charge and longitudinal spin responses.
The Fourier component of the one particle self consistent Hamiltonian, can be written
where y is the effective Bohr magneton. The 2D wave vector q is parallel to the QW. (The frequency and wave vector dependence of all the quantities involved is understood.)
( 1) can be used to define the many body local field corrections. G,+(q,w, z), which couples the spin symmetric density fluctuations, An(q, w , z), through the bare Coulomb interaction, uq = 27re2/q, is the sum of the parallel and antiparallel spin effects, whereas G,(q,w, z ) describes the difference between same and opposite spin interactions as the coupling constant of the spin antisymmetric magnetic fluctuations, Am(q, w, 2). If Gg: denotes the same spin exchange and correlation field correction and Gad the opposite spin correlation correction, then: [4] In the first order perturbation theory, the induced fluctuations depend linearly on the effective fields, I I m a n a is the non-interacting electron response function:
with Eko = h2L2/2m -ysgn(a)B7 the energy in the static magnetic field and fnka, the equilibrium distribution of electrons in the subband ( n , 0). The signum function is defined by sgn(0) = 1(-1) when the spin is parallel (antiparallel) to the field.
Self-sustained spin and charge density waves are obtained in the absence of the external field, when the resonance is reached, i.e. the determinant of the system of equations implied by Eq. ( 3) written for both spin projections is zero. We consider the case in which all of the occupied states are confined to the lowest subband of each spin. In this limit, the condition for collective excitations is:
An expression for the local field corrections is needed to solve Equation ( 5 ) for w ( q ) .
Since the collectiveexcitations of a SPQW occur at high frequencies and small wavevectors, an equation-of-motion method is suitable for determining G : as originally proposed by Niklasson [5] for the 3D unpolarized electron gas, and recently extended to arbitrarily spin polarized systems. [6] The intra-subband excitations of a SPQW correspond to no + no or ni? -+ nii. ( n = 1
In these conditions, the results obtained in Ref. [SI for the lowest occupied subband.) become:
The correlations between electrons are described by pqq) = Ck,k' fEiktor(qr)(q -q'/q2)eqj/cq and by Qqq' = , & k '
fku;klut(q')[q (2) -(q + q')/q2]ijq+qr/6q. fku;k'ut(q') (2) is the equilibrium twoparticle distribution function. Here, ijq = v i : i : ( q ) .
For an electron in the first subband and Q S D are functions of the degree of polarization, <, and independent of q in the long wavelength limit:
= (2nn,e2/~,m)q is the plasma frequency of a spin-a 2D electron gas. The Q dependence of these coefficients is straightforward to obtain from Eqs. ( 2), ( 7), and ( 8). It is important to observe that the l / q divergence of the local field corrections is cancelled out among the various terms of QCD. The charge and spin modes are coupled for ( # 0.
The inter-subband excitations correspond to transitions no +) ma and no +) mi?, with n # m. In the long wavelength limit, the susceptibilities are approximated by xnoma x 2(m, -n,)u,,,/h(w2 -w:,,), [7] with wn,, the frequency of the subband separation, w , , , = (cno -emo)/h. For transitions from the lowest subspin band, rn = 1 and rn, >> n,.
Within these approximations, the values of the local field corrections are given by Eqs. ( 7) and ( S), with Pqq' = fko;k'o'(q')(hq'q'/2mw~ld)Gq'/Gq (2) and Qqql = &k' .f&f,'(q')[fiq'
(q + q')/2munle]Gq+qt/ijq. In this case, Gq = w : : : : . For an interacting system, g , , l ( r ) has to be calculated self consistently, including the many-body effects. In 3D, a direct estimate is obtained by solving the quantum mechanical problem of two electrons moving in a screened Coulomb repulsion, chosen as the potential of a sphere of radius a = ( 3 n / 4~) ' /~ uniformly charged with e for T 5 a and zero for T-> a. [8] For r << L , the pair correlation function obtained above can be a good first approximation in the quasi 2D case.
In this paper we investigate the non spin flip collective excitation spectrum of a SPQW at long wavelengths. In the limit of a linear response approximat ion, the exchange correlation 
